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Energie nucléaire
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▪ 8:20 – 9:00h:

• Introduction: La radioactivité (𝛂,𝛃,𝛄,n)

• Les isotopes, la carte des nucléides, 

• L’origine des isotopes, l’Uranium

• La fission, la réaction en chaine

• Banane

▪ 9:00h – 9h45: Visite de CROCUS par Laurent Braun

▪ 9:45h – 10h15:

• Energie nucléaire: Contexte suisse

• Réacteur nucléaire: Fonctionnement

• Modérateur: pourquoi?

▪ 10:15h – 12h00:

• Expérience ‘Approche critique’: comment démarrer un réacteur

▪ 12h00: 
• Lunch

Agenda
2
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La carte des nucléides
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One of the possible fission reactions :  

Δmc2 = 7.59 × 235 =

1784 MeV

n

Δmc2 = 8.59 × 94 =

807 MeV

Δmc2 = 8.29 × 140 =

1161 MeV

–1784 MeV              =                        –1968 MeV   +   184 MeV

mass defect mass defect energy release

n

n

g

Energy released is also called Q-value of the reaction
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1000 MWe centrale électrique: ~ 10 000 t de charbon (100-wagon train) par jour 

~ 20 t de U combustible par an

Pourquoi le nucléaire?– Fossile versus fissile

 eV4COOC 22 +→+

 eV10200FPs2nU 6235 +→+

J 101.60221 -19=eV

< 1x par jour
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Réaction en chaine sans contrôle Réaction en chaine contrôlé
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▪ Unité?

Doses de 
rayonnements
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19https://www.andra.fr/les-dechets-radioactifs/la-radioactivite/mesures-de-la-radioactivite
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https://www.universityofcalifornia.edu/sites/default/files/uc_climatechange_illustrations_banana-radiation.png
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5 % / Sv 

1 Sv = 107🍌 = vivre 500 ans en suisse
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Combien de bananes?
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Réaction en chaine sans contrôle Réaction en chaine contrôlé
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Le premier reacteur
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General scheme of a Pressurized Water Reactor (PWR)

1 - Reactor Pressure Vessel,  2 - Fuel Elements, 3 - Control Rods, 4 - Control rod 

drives,

5 - Pressurizer, 6 - Steam Generator, 7 - Main Coolant Pump, 8 - Main Steam Line, 

9 - Feed water line, 10 - High Pressure Stage of the Turbine, 11 - Low Pressure Stage,

12 - Generator, 13 - Exciter, 14 - Condenser, 15 - River Cooling, 16 - Feed water Pump,

17 - Regenerative Pre-Heater Stages, 18 - Concrete Shielding, 19 - Cooling Water Pump

activated

not 

activated
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Gas

23.76%

Solar PV

1.04%

Oil

2.81%

Waste

61.81%

Wood

4%

Landfill gas

6%

Wind

1%

Others

5%

Nuclear

39%

Hydro-River

24%

Hydro-Dam

32%

Switzerland has a low-

carbon emission 

electricity production

Electricity Generation in Switzerland (2015)
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▪ Outlook (2017 votation)

• No construction licenses will 
be issued for new NPP

• Existing reactors allowed to 
operate as long as they are 
safe

NPPs in Switzerland 39

X

NPP Type Net Elect. Power

Beznau I PWR 365 (MWe)

Beznau II PWR 365 (MWe)

Mühleberg BWR 373 (MWe)

Gösgen PWR 1010 (MWe)

Leibstadt BWR 1220 (MWe)
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Pressurizer vessel Main circulation pump of a PWR
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Primary circuit of a PWR

More than 1 loop needed to 

remove the thermal power

1 – Reactor

2 – Steam generator

3 – Main coolant pump

4 – Pressurizer

5 – Main coolant lines

6 – Pressurizer surge line

7 – Main steam nozzle

H – hot leg

C – cold leg

Example: Three-loop design 

(e.g. NPP Gösgen)
5

C

H

6

7

7

7
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The CROCUS reactor
42

Reactor type

▪ LWR with partially submerged core

▪ Room T (controlled) and atmospheric P

Operation

▪ 100 W (zero-power reactor)

▪ i.e. maximum 2.5×109 cm-2.s-1

▪ Control: B4C rods and spillway

Core

▪ ⌀60 cm/100 cm, 2-zone

▪ Inner: 336 UO2 1.806 wt% 1.837 cm

▪ Outer: 176 Umet 0.947 wt% 2.917 cm
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Approche critique
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Facteur de multiplication 𝑘 =
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

𝐹𝑢𝑖𝑡𝑒𝑠+𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛𝑠

k>1: sur-critique k=1: critique k<1: sous-critique

K↑ si on ajoute du:

• 235U

• Moderateur (mais ca ne suffit pas tout seul..)
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CROCUS

800 mm Comment estimer le ‘niveau d’eau critique’?

→ Niveau d’eau ∝ k

Réacteur stable k=1



Merci !
Questions?


